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Triphenylphosphine (RR) undergoes one-electron oxidation in irradiatedClkisolutions to yield the radical

cation PRP*. This short-lived species exhibits intense absorption with a maximum at 325 nm and an extended
shoulder at 406500 nm and decays by a second-order process in the absenge bf the presence of £
however, the radical cation reacts with @ith a rate constant of % 10° L mol~! s™* to yield a peroxyl
radical, PRPTOC, which exhibits no significant absorbancetat 300 nm. Similar results, but with slightly
different rate constants, were obtained also in £L&llutions and in CECN and cyclohexane solutions
containing 1% CCl Tris(2,4,6-trimethoxyphenyl)phosphine in g, exhibits a behavior similar to that of

PhsP, but the reaction of its radical cation with @ an order of magnitude more rapid. On the other hand,
the perfluorinated P§* in CH,CI, reacts with @ much more slowly, if at all. Diphenyl-2-pyridylphosphine
yields a radical cation which exhibits a slightly narrower absorption band but reacts witlitltOthe same

rate constant as Bt*. The peroxyl radicals propagate a chain reaction by further oxidation of phosphine
molecules to PP either directly or indirectly. The final radiolysis product is the phosphine oxidg?®h

The radiolytic yields for oxidation of the phosphines were much higher than the radiolytic yield of the solvent
derived radicals, except for the case of the perfluoro derivative, and were dependent on the concentrations of
phosphine and ©and on the dose rate. At low dose rates and high solute concentrations the chain lengths
exceeded 1000.

Introduction solutions both by pulse radiolysis to follow the formation and
reactions of the radical cation and pyadiolysis to study the
presumed chain reaction, and we compare the behavior of
several phosphine derivatives.

Triphenylphosphine is one of several compounds being
evaluated as potential additives for enhancing the stability of
future jet fuels toward thermal oxidatidnIt has been recently
demonstrated to improve the thermal oxidative stability of one ) )
jet fuel by at least 50%. The mechanism of its action as an EXperimental Section

oxygen-removing agent was suggesteedinvolve initial forma- Triphenylphosphine and its derivatives were obtained from
tion of the radical cation of triphenylphosphine, reaction of the 5 |4rich5 and the solvents from Mallinckrodit. They were

radical Ct‘."‘t'on.w'th Qt.to fofrr?h.a peroxy: rag]call, "’Tr? Cha{'r? obtained in the highest available purity and were used as
prolpagzli 'O? I\:/,'a re$(;]|on of this pedrox_y ra ICcin wi | a_go €T received. Solutions were prepared immediately before irradia-
molecule of PEP. The present study is aimed at elucidating o and were protected from light to prevent the UV photolytic

the i:"ffha“.'sff‘ of ﬁutox[gai[on of %b by using radiolytic —iqation of the phosphines by.0 y-radiolysis experiments
methods to initiate the oxidation, to observe transient Species, yere carried out mostly under air in a Gammacell 3900

and to determine the kinetics of the reactions involved. source with a dose rate of 0.79 Gyls A number of

Irradiation of triphenylphosphine on the surface of porous gyheriments were carried out in deoxygenated (Ar-purged) and
glass was suggestétb lead to formation of the radical cation, j, o, saturated solutions and also in anotff@o source with

which exhibits optical absorption peaks at 330, 345, and 438 5 jose rate variable between 0.029 and 0.0066 Gy Fhe

nm. Irradiation OZCQ glassy solutions at 77 K also indicated  5qigytic yield of oxidation of the triphenylphosphines to the
formation of PP, but the spectrum was reported to have @ ¢qrresponding phosphine oxides was determined from the
brogd peak around 530 nm and was not measur@da00  cpanges in absorbance following irradiation with various doses.
nm3 Pulse radiolysis permitted the observation of this transient The observation of transient species and the determination
species in solution; its spectrum in chlorocyclohexane was found of their kinetic behavior were performed with the NIST pulse

to have a broad absorption around 500 nm and increasing __ .. . . . . .

absorption ath < 420 nm, but the measurements were not radiolysis apparatus. Solutions were |rrad|_ated with a 50 ns
continued ford < 400 nm? No kinetic details were given in pulse_ of 2 Me_V electrons, and the _format|on and decay of
the previous articles In. the present study we examine the transient species were followed by kinetic spectrophotometry
oxidation of PhP in C'HZCI CCl, CHsCN, and cyclohexane at various wavelengths. The dose per pulse was generally
2 TR between 5 and 50 Gy. There are two major sources of
*To whom correspondence should be addressed uncertainty in the derived rate constants: the statistical uncer-

t Permanent address: Ben-Gurion University, Beer Sheva, Israel. tainties in the first-order fits of the kinetic traces and in the
plots ofkyps VS concentration, which were generally between 5
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0.12 T T T T T compounds. Kinetic spectrophotometric pulse radiolysis experi-
ments with 1 mmol £ PhsP solutions under air showed the
formation of absorbance in the UV and visible range. The
spectrum recorded 14s after the pulse exhibits a strong peak
at 330 nm (with molar absorptivity of about>6 10° L moL 1!
cm1)8 and a substantial shoulder at 46800 nm (Figure 1)
and is ascribed to the radical cationsPt. This spectrum is

in agreement with earlier results; the main peak and the shoulder
are in agreement with those obtained in irradiated lasw]

the shoulder was also reported in a pulse radiolytic study in
solution? where the spectrum &t > 420 nm was recorded.
The absorbance was formed in two steps; a substantial fraction

0.08

0.06

Absorbance

0.04

0.02 was seen immediately after the pulse (withif.1 us), due to
rapid oxidation of PP by the short-lived solvent radical cations
o.oo300 L “'m 1 5(')0 L 500 and chlorine atoms, and the rest was fo.rme_d by gradual buildup
over about 1Qus, due to the slower oxidation by the peroxyl
Wavelength, nm radicals (Figure 1, insert). From the dependence of the

Figure 1. Optical absorption spectrum of triphenylphosphine radical absorbance growth rate on [ (Figure 2), the rate constant
cation. Recorded by pulse radiolysis of gHb solutions containing 1 for the latter process was found to be (2:®.5) x 10° L mol~!
x 10~ mol L~* PhyP under air, 1is after the pulse. The insert shows 51 ijn CH,Cl, and (8.6+ 1.5) x 10® L mol~! s 1 in CCl.

a plot of absorbance at 330 nm vs time: (0for the left half and 300 These rate constants are ascribed to reactions 1 and 2
us overall for the right half. respectively !

L T PhP + CHCL,OO — PhP'™* + CHCLOO (1)

- . PhP+ CCLOO — Ph,P"" + CCl,00" )

When the solutions were bubbled with Ar, to removeadd
prevent the formation of the peroxyl radicals, the immediate
formation step was observed but the slower step practically
1 — vanished.

In the absence of £xhe decay of P followed a second-
order rate law, indicating the occurrence of radieadical
reactions (R is estimated to be % 10° L mol~! s71). The
- . decay of PBP** in air-saturated solutions followed almost pure
B i first-order rate law and was about 10 times more rapid than in
the absence of Qindicating reaction of P with O,. The
0 2 4 6 8 rate constant for this process in air-saturated solutions was 2.5

[Ph,P] 10”2 mol L' x 100 s7L When the solution was saturated with pure O
SR instead of air, the decay of Bt was much faster, and the
Figure 2. First-order rate constant for formation of P, monitored rate constant observed was &710* s1. From these two rate
by growth c_>f ab_sorbance at 340 nm, as a function of triphenylphosphine constants, and the solubility ofGn CH.Cl, (0.0107 mol -1
concentration, in aerated Gel; solutions. under 1 atm of @),° the second-order rate constant for the

S reaction of PBP* with O, was calculated to be (78 1.4) x
and 10%, and uncertainties in the measurements of volumes,loe Lmol-LsL Similar experiments with CGbolutions gave

weights, and in the concentration o, Qvhich we estimate as  _ \4¢a constant of (2.8 0.4) x 10/ L mol"1s"L. We ascribe
<10%. .The overall estimated standard uncertainties are giveny,ce rate constants to reaction 3.

along with the rate constants. Other details of the apparatus

were given beforé. All experiments were performed at room Pmpﬁ +0,— Pi‘gP+OO' 3)
temperature, 2& 2 °C. 2

k, 10% s~1

The values oksz are about 108400 times slower than those
for the reactions of carbon-centered radicals with°@nd are
Radiolysis of many organic compounds in &Hp and in more in line with the behavior expected of nitrogen-centered
CCl, solutions has been shown to lead to the production of one- radicals!! In addition, the low rate constants for reaction 3
electron-oxidized speciés. Oxidation may occur in several are reasonable in view of the fact that most radical cations have
steps. The strongly oxidizing species formed upon radiolysis not been found to react with O Actually, it is somewhat
of these solvents, mainly solvent radical cations and chlorine surprising to find a radical cation reacting with, @t such a
atoms, are relatively short-lived (in the nanosecond range or measurable rate.
less) and thus react with solutes only when these are present at Three other phosphines were examined inyChisolutions.
sufficiently high concentrations to scavenge these species beforeDiphenyl-2-pyridylphosphine was oxidized slightly more slowly,
they decay. In addition, peroxyl radicals are formed in these k; = (1.8 & 0.3) x 10® L mol~! s7%, possibly due to electron
solvents under air. These radicals are weaker oxidants andwithdrawing by the pyridyl group which lowers the electron
longer-lived than the Cl atoms and solvent radical cations, but density on P. On the other hand, the reaction of the radical
they may oxidize certain solutes, albeit more slowly. cation with Q took place with the same rate constant as that
To produce the radical cations of the various triphenylphos- for PheP*, ks = (7.74+ 1.4) x 10° L mol~ts™1. The spectrum
phines, we irradiated Ci€l, and CC} solutions of these of the radical cation also was similar to that ofsPt; the main

Results and Discussion
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peak was slightly narrower and more intense, but the main peakat about 2.5x 10* s1, but when [PBP] was increased to 2.3
position and the extended shoulder were similar. Tris(2,4,6- x 1072 and 5.5x 1072 mol L1, the rate of decay became
trimethoxyphenyl)phosphine was oxidized more rapidly due to clearly slower; it decreased to 16 10* and 0.8x 10* s,
electron donating by the methoxyl groups and also possibly duerespectively. Moreover, at [BR] = 5.5 x 1072 mol L1, the

to stabilization of the radical cation via mesomeric forms with decay did not fit a first-order but rather a second-order rate law.
the positive charge on the oxygen, as polymethoxybenzenes arélhese results suggest that at high concentrations e Rh
known to give relatively stable radical catiosThe spectrum mechanism exists for re-forming gt and thus making its

of the radical cation was similar to that of 1" except that decay appear slower and second order; i.e., this suggests a chain
the main peak was slightly broader and less intense. Thereaction.

reaction of [(MeO)PhEP* with O, was also more rapicks = One possible mechanism is that the peroxyl radical formed
(1.5 + 0.4) x 1 L mol~! s71. This is in line with the by reaction 3 oxidizes another molecule of;Pldirectly.
mesomeric effect of thertho andpara methoxyl groups, which

increases the electron density on the phosphorus, and also with PI"5P+OO' + Ph,P— PI"gP*OO’ + P@P’+ (4)

the through-space overlap of the 2p electrons on dtibo

methoxyl oxygen with the vacant 3d orbital of the P, which This reaction may be feasible, sincesPltan be oxidized by
may have an even stronger effé&tln contrast, the perfluori-  chlorinated alkylperoxyl radicals, although not by hydroxy-
nated triphenylphosphine underwent much slower oxidation to methylperoxyl, and since it is known that peroxyl radicals
produce a similar radical cation, and this species reacted with containing an ammonium or a phenyl group at thearbon

0,, if at all, too slowly to be measured on the pulse radiolysis are more reactive than alkylperoxyl.In fact, the phosphonium
time scale; i.e., the reaction with,@id not compete with the  group, being attached directly to the peroxyl group, should have

second-order decay of the radical cations. a strong enhancing effect on the reactivity of this peroxyl as an
Radiolytic oxidation of P§P was also achieved in acetonitrile ~ ©Xidant. Another possible mechanism is oxidation by oxygen

solutions under air. A rate constant of £92) x 10° L mol~! atom transfer via the following two steps.

s 1 was determined for the oxidation step. The dependence of L L

the first-order rate on [RR] was linear but with a large intercept, PhP'OO + PhP—PhP O + PhPO (5)

1.5 x 10° s1, indicating that the oxidizing species is much
shorter lived than the other peroxyl radicals. This suggests that
the oxidation is not by the peroxyl radical CN@BIO, whose

lifetime is in the millisecond rang¥,but rather by an oxidizin . . . .
g¥ y g reactions of some peroxyl radicals with phosphifi¢and with

precursor such as the solvent radical catfonhen 1% CCJ ) ) .
was added to the acetonitrile solutions to scavenge the electron SOme sulfide¥ and telluride%’). The products are phosphine

oxidation by the resulting C@DOr radicals was observed, with oxide,' which is the. stable product observed 'in yheadio!ysis
a rate constant similar to that in neat G&blutions. The rate ~ €XPeriments described below, and a phosphinoxyl radical. The

of reaction of the radical cation with,Gn acetonitrile was close latter radical is expecteql to be a stronger oxm_lant thaiPPh
to those found in the other solvents,= (1.0 + 0.2) x 107 L OO (as most oxyl radicals are stronger ox@apts tha}n the
mol-1 1 corresponding peroxyl) and should readily oxidizesfPlvia
To use a solvent that is closer in character to fuels, we carried reaction 6 to produ_c e another r_ad|cal cation. Although -bOth of
e . . ' . the above alternative mechanisms appear to be feasible, and
out radiolytic oxidation of PP also in cyclohexane solutions

- X .. . although it is possible that both mechanisms operate in parallel,
Cor?ta'”'“g .1% CQl This a_lddmve forms .CQDO radicals, as found for the sulfide®, the mechanism via reactions 5 and
which oxidize the phosphine, but the yield of PH was

. . 6 produces the final product that is known to be formed whereas
becatise the yield of res slections in cyelohexane s jower, /230N 4 Yields the zwiterionic hycroperoxide sPrOO
. . . " which has to undergo further steps to form the final products.
PhP* in cyclohexane reacted with,Qvith ks = (2.4 & 0.5) g b b

; . If that at high t of the P{P+
x 10’ L mol~1 s71, almost 3 times faster than in GEl,. In [g we assume that at high [BR] most of the P&

. . isappearing in reaction 3 is recovered via reaction 4 or reactions
argon-purged solutions the absorption was weaker and decaye and 6, i.e., that the overall rates of these steps are similar at

more slowly by a second-order process. about 0.1 mol £ PhP, we can estimate the rate constant for
Radiolysis of PBP in methanol solutions did not lead t0 yeaction 4 or 5 (or their sum) to be abouk21CP L mol~1s7L,
formation of the radical cation. This indicates thagPlis not This is a very rough estimate, based on the assumption that
oxidized by the HOCRHDO" peroxyl radicals sufficiently rapidly  [0,] is the same in all solutions studied. However, it]@as
to Compete with their radicalradical decay. Moreover, oxida- lower at the h|gher Fgﬁ) ConcentrationS, due to partial autoxi-
tion by the Ck&O' radical, which is known to be prOdUCEd in dation of the phogphine’ which dep|etes moﬁeﬂ(}"gh [Php]
irradiated methanol and to oxidize several compoufidtid than at low [PBP], then the above estimate is only an upper
not take place, indicating that the reaction was too slow (with |imit. Another approach to estimate the contribution of reactions
[PheP] < 0.01 mol L) to compete with the rapid decay of the 4 and 5 is by examining the chain reaction at low dose rates in
methoxyl radical. Furthermore, addition of methanol to théPPh  ,,_radiolysis experiments.
solutions in CHCI, and CC}, decreased the yield of oxidation To confirm that the oxidized phosphine species engage in a
dramatically. This is due to rapid scavenging of the positive chain process, we examined the overall radiolytic yield of the
ions and Cl atoms by methanol to produce a weak oxidant.  oxidation of PBP in CH,Cl, solutions. This was accomplished
The above rate constants for reaction 3 were measured byby measuring changes in optical absorbance of the solutions as
following the decay of P{#>* at various [Q] but at constant a function of irradiation dose. The UV spectrum ofsPtas

PhP*O" + PhP— PhPO+ PhP™" (6)

Reaction 5 is similar in mechanism to that suggested for

[PhsP]. However, when the rate of decay of ;PH was a broad peak at 260 nm (with a molar absorptivity of about 9
measured over a wide range of P, from 4 x 104 mol L= x 10° L mol~1 cm™! and a width at half-height of50 nm).

to 7 x 102 mol L1, the rate constant in air-saturated £Chp When the solution was irradiated if%o source (or by a strong
solutions was found to depend on jPh At low concentra- UV light), this broad peak gradually decreased in intensity and

tions, between 4« 1074 and 4x 103 mol L%, it was constant ~ was replaced with a weak spectrum that has three sharp peaks
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TABLE 1: Radiolytic Yields for Oxidation of T T T T
Triarylphosphines
doserate  [ArsP] G2 Ginitial - 1F
medium (Gys?h (mmolL™) (umolJ?) (umolJ?) L
I. Triphenylphosphine —
CH,Cly, air ~0.40 5.75 137 145 E
2.87 111 122
1.37 81 95 n
0.69 46 56 o
0.34 29 38 -
0.17 18 25 - 0.1 i
0.09 11 17 Q. F ]
0.0285 2.74 370 400 £ - ]
1.37 340 380 A - .
0.68 201 231 - ]
0.34 117 139 -
0.0066 2.74 840 903 ] ] ] ]
1.37 596 642 o 6 12 18 24 30
0.68 408 465 o .
0.34 257 305 Irradiation time, s
CHClz, Ar gi; ég Figure 3. Exponential decrease in triphenylphosphine concentration
. ¥ : as a function of irradiation time. Aerated @B, solutions were
ggi‘cgﬁ% MeOH, air ~0.4 fé;l gg gi irradiated in the Gammacell with an average dose rate@ft Gy st
CC|4’ Ar 197 0.7 (see footnotea in Table 1). The initial concentrations of fhwere
CH3éN, air 237 18 19 1.37 x 10°% (@), 6.9 x 107 (O), and 3.4x 1074 mol L1 (a).
CHsCN, Ar 2.37 0.03
c-CgHiy, air ' 1.53 4.9 5.0 uncertainties are usually associated with measurements of small
¢-GeH12+0.2% CCl, air 0.71 6.0 7.1 differences in [P§P] to obtain initial yields than with measure-
_ Il. Diphenyl-2-pyridylphosphine ment ofk from the change in [P#®] as a function of time. The
CHCly, air 1.85 220 340 G values calculated by this method are also given in Table 1 as
CH2C|2, Ar 1.85 0.95 G ital
i . . initial -
Chch a . T”S(Zr4v6‘”""ethoxépgfny')phf’;poh'”e 290 Itis clearly seen from Table 1 that ti@&values for oxidation
2, Al _ : _ of PhsP in the presence of air are up to 3 orders of magnitude
. IV. Tris(pentafluorophenyl)phosphine larger than theG values for the formation of oxidizing ions
CH,Cly, air 2.25 2.0 2.0

and radicals in CkCl, (0.75 umol J1),% indicating the
aThe standard uncertainty for the experime@alalues is estimated involvement of a long chain reaction. The chain length,

to be generally around 10%The nominal dose rate of the Gammacell  cgjculated as the ratio betwe&(—PhsP) and the maximurs

used was 0.79 Gy 8. However, these short irradiations were done a1,e of initial phosphine radical cations, reaches up to 1200.

partly during the lowering and raising of the drawer and thus the dose .. S . . .

rate was not constant. A rough estimate of the dose rate is the averageSlnce theG for ox!dat[oq of PRP in A,r'saturateq sglunons IS

between 0 and 0.79 and is taken-88.4 Gy s. much lower and is similar to the yield of the initial solvent

radicals, the chain in the presence of air must be due $8"Ph

at 260, 266, and 272 nm. These peaks were confirmed to beOO'. This peroxyl radical may propagate the chain by oxidizing

due to the product triphenylphosphine oxide by use of an a molecule of PP to its radical cation (reaction 4 or reactions

authentic sample of this material. From the change in absor-5 and 6). Termination can occur by combination or dispropor-

bance with irradiation time and the known dose rate, we tionation of two radicals of any type.

calculate the radiation yield for the oxidation of ##h The Table 1 shows that th& values depend on the dose rate.

results are summarized in Table 1. With solutions in which The two lower dose rates give a clear dependend® of |1/2

[PhgP] > [Oy], the oxidation nearly stops after a certain as is commonly found in radiation-induced chain reactfns.

irradiation dose, indicating that diffusion of oxygen into the The higher dose rate used is not a constant dose rate (see

solution from the air space above it is quite slow. However, footnotea in Table 1), but if we use the arithmetic average of

when the solution is resatuarated with air, the chain oxidation the dose rate, the relation with2 holds quite closely even over

continues upon further radiolysis. a change in dose rate by a factor of 60.
The concentration of BR was found to decrease exponen-  Table 1 also shows that th& value depends on [RBR].
tially with irradiation time (Figure 3), i.e. However, Figure 4 indicates that this dependence is not linear
as is usually found in radiation-induced polymerization chain
[PhyP] = [PhyPl,e ™ 7) reactiong! Rather, a dependence closetB is observed. This

is due to the fact that in polymerization chain reactions all the

This equation permits us to calculate the initial radiolytic yields radicals involved in the propagation and termination, whether
(G) even when the measurements were done after substantiathe monomer Mor a polymeric My, independent of its chain
decrease in concentration (which was unavoidable at low length, have similar reactivities, whereas in the present system
[PheP]). The actual measurements provide the yield from the two different radicals are involved with clearly different
change in [P§P], the dose raté and the time of irradiation reactivities. Furthermore, these different radicals are present
i.e., G = ([PhgP]o — [PhsP])/It. From eq 7, [PkP]o — [PhsP] in different proportions, depending on [§®#}. For long chains

= [PhePlo(1 — e ). Forkt << 1, i.e., short irradiation times, ~ with two propagation step’, the steady-state assumption for

1 — e =~ kt, and thus the two radicals requires equal rates for the two reactions, i.e.

G = KPhyP]y/! (8) rate of propagatios k[Ph,P[0,] =
This is a more accurate way of derivi@values, since larger k4[P|"bP+OO'][Ph3P] 9)
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leading to , T 200
[Ph,P)/[Ph,P 007 = k,[PhsP]k;[O,] (10) _ 800
' 150
Since the initial concentration of is the same in all :
experiments (air-saturated GEl, containing 2.2x 10~2 mol g 600
L1 Oy), the higher the PP concentration, the higher is the °
steady-state concentration of4h, as the sum of [PfP*] + o 100
~ 400

[PrePTOC] is constant and is determined by the rate of
formation of PBP"* by the radiation and the rate of termination

s
of radicals. Let us examine two extreme cases, where termina- : 50
. . - 200
tion occurs by one type of radical. If we assume that all
terminations occur by reaction of two #* radical cations,
0 0

2PhP" — products (12)

The steady-state assumption forPH requires that the rate of

termination will be equal to the rate of initiatiork; = sgoo ) T T T T z30
ku[PheP*]2, i.e., [PhP*] = (k/ki))¥2 Substituting this into 500
the equation for the rate of propagation leads to - B 4 200
= 700 |-
rate of propagatior (k/k;;)"%[0,] (12) 3 00 L
E o 1180
As can be seen from this equation, the rate of propagation, equal T S00 - o
to theGl values, is independent of [E], as the concentration e 400 |- 1100
of O, is the same for all air-saturated solutions. However, if 5 o
we assume that all terminations occur through reaction of two E 300 =
peroxyl radicals o 200 - 450
100
2PhP"O0" — products (13) | |
0 —_— —_— —_— o]
thenk = kigPhsP*OO2 and thus [PEPTOOT] = (kfks)X2, ° 2 s 2 e
and the rate of propagation is given by (PhsP] 77, (10 7 mol L )
Figure 4. Dependence of the initial radiolytic oxidation yield of4Ph
rate of propagatior- (ki/k13)1’2k4[P|13P] (14) on the initial concentration of BR in air-saturated C}I, solutions.

Both linear and square root dependences are sharL_€ft vertical

In this caseG is proportional to [P¥P]. In the case of  Scale, 0.0066 Gy'$; (O) right vertical scale~0.4 Gy s™.
termination only by mixed radical reactions,Ph" + PhP*- )
0O, the rate of propagation is proportional to JPR/Z02] 2 Although 4% MeQH added to qu“,lz sqlutlons reduced the
However, when all termination reactions occur simultaneously, aPsorbance of RRin the pulse radiolysis by a factor of %,
G will depend on [PEP]* with 0 < a. < 1, ando. may happen the G value for disappearance of §Fhin .the.y-rgdlolyss is
to be ~0.5. So froma = 0 or a = 1 no conclusion on the  reduced only by a factor of about 2, indicating that while
main termination step can be drawn, except to say that both met_hanol interferes with t_he initial formation of ", it does
radicals are involved in termination processes. not interfere W|t_h _the_chaln process. It should be remembered

Another proof for the suggested mechanism is that if we that change of initiation by a factor of 4 should reduce @e .
derive the dependence @& on [PhP] from one solution value qnly by azfactor of 2, as the rate of propagation is
irradiated with various doses, then we find a linear dependenceProportional toki*2,
of Gon [PhP]. Figure 3 shows that during the whole irradiation ~~ The chain is shorter in C¢than in CHCI, and even shorter
[PheP] = [PhaPloe K, which leads to [P§P], = [PhgPlue 21, in acetonitrile. This is probably due to the effect of the solvent
and then we obtain, as in eq 8, ti@&t= k|PhsP]u/I. Sincekis on the rate constants for reactions@} as the rate constant for
constant during the irradiatiorG is linearly proportional to ~ reaction 3 was changed only by a small factor and in the
[PhsP]. However, it should be pointed out that during the Opposite direction. A much shorter chain was found in
irradiation [Qy] also changes, while for solutions initially —cyclohexane, but small concentrations of ¢@icreased the

prepared with different concentrations ofsPhhe initial [O] chain yield due to larger rate of initiation (by GOIC").

is the same. For both mechanisms,Glsis proportional to Longer chains were found for Pyffhand [(MeOjPhEP. In

k2 and ask;, the rate of formation of radicals by the radiation, the latter case this can be attributed at least partly to the higher
is proportional tol, G will depend onl=12, rate constant for reaction of the radical cation with, @s

These equations can be correlated with the observed ratedetermined by pulse radiolysis. In the case of BifRPthe pulse
constants measured by pulse radiolysis. Assuming terminationradiolysis shows a lower rate constant for the formation of the
by PPt alone, therks[O2] was measured by pulse radiolysis radical cation, which suggests that the longer chain is due to

tobe 25x 10°s 1, k=3 x 107L mol™1s k3 =3 x 1¢° higher rate constants for the propagation reactions parallel to
L mol~1 s71, and hence the rate of propagation is 2904 reactions 4 and 5, i.e., that f/yP*OO" is more reactive than

s 1 as compared to 7.% 107 s71 found in our experiments the triphenyl analogue. In contrast with these two compounds,
for 1 x 103 mol L1 and 1.2x 10* s 1 for 5.7 x 10-3 mol and in accordance with the nonreactivity okPR)XP with O,

L% The difference may be due to the fact that the termination found in the pulse radiolysis, a very short chain was found for
is not only by PgP". oxidation of this derivative in CkCl, solutions.
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For comparison with the above findings with triphenylphos- pp 241-254. Also see: Beaver, B. D.; De Munshi, R.; Heneghan, S. P.;
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